The quantification of soil nematodes is of great importance for the management and evaluation of the efficiency of control methods, considering the damages caused in crops of economic interest. The present work aimed to quantify and identify plant parasitic nematodes in pasture areas in the municipality of Santo Antônio do Leverger, Mato Grosso state, Brazil. For that purpose, 25 soil and root samples were collected in four plots, consisting of the following forage grasses: Brachiaria humidicola cv. Common (Plot 1), Panicum maximum cv. Tanzania (Plot 2), Brachiaria brizantha cv. Marandu (Plot 3) and Panicum maximum cv. Massai (Plot 4). The nematode extraction from the soil and root samples was performed, followed by the quantification and identification of nematodes genera. The nematodes classified as free-living were observed in all plots, with population densities Marques et al.; JEAI, 36(4): 1-10, 2019; Article no.JEAI.49090 2 varying from 230 to 1180 specimens. The genus Pratylenchus presented the lowest population level, with 40 specimens, in the area where the Brachiaria humidicola cv. Common is cultivated. The following phytoparasitic nematodes genera were observed: Pratylenchus and Paratrichodorus associated to the Humidicola grass, and Heterodera and Criconemoides associated to the Tanzania grass.
INTRODUCTION
Phytonematodes are important plagues in most crops, being responsible for significant production losses and generating considerable costs for their control [1] . In spite of the damages that they might cause, the occurrence of these pathogens is often neglected or attributed to some other factor, such as nutritional deficiency, inadequate cultural practices, or hydric deficit [2] . This problem primarily occurs due to the lack of information regarding the damage level and the quantification of nematode populations in the soil [3] .
According to Singh et al. [4] , these plants parasites cause annual losses to the international agricultural production estimated between US$ 100 billion and US$ 157 billion. The damage percentage and, consequently, the production losses percentage by these parasites is greater in tropical and subtropical climate conditions (14.6%), in comparison with regions of temperate climates (8.8%) [5] . According to a survey of the Brazilian Nematological Society (SBN), the damages caused by these microorganisms to Brazilian agribusiness may reach R$ 35 billion a year, distributed in several cultivation systems [6] .
Forage grasses are the main food source for the Brazilian livestock, occupying an area of more than 70 million hectares, with 58% of this total being represented by cultivated pastures [7] . In the Mato Grosso state, the area destined for planted pastures reaches 19.4 million hectares, corresponding to 21.52% of the total area [8] . In 2017, the Mato Grosso state concentrated the largest cattle flock in the country, representing nearly 13.8% of national production [9] . In spite of the shortage in studies that demonstrate and quantify the damages related to phytonematodes in pasture areas, it is believed that they might exercise an expressive impact on the dry mass production of forages in the field [10] .
Some specific groups of phytoparasitic nematodes possess a greater importance for the agricultural sector. The species Meloidogyne incognita, Rotylenchulus reniformis and Pratylenchus brachyurus occur in 24.4%, 12.8% and 96.2% of the areas of the Mato Grosso state, respectively [1] .
In this perspective, the identification of phytoparasitic nematodes that occur in forage grasses might aid in the definition of management systems in pasture areas, aiming the reduction of losses through parasitism and the spreading limitation of these organisms. Therefore, this work aimed to quantify and identify plant parasitic nematodes in pasture areas formed by tropical forage grasses, in the municipality of Santo Antônio do Leverger, Mato Grosso, Brazil.
MATERIALS AND METHODS

Location of the Study Area
The collection for quantification and identification of the nematode species occurred in the Experimental Farm of the Federal University of Mato Grosso (UFMT), located in the municipality of Santo Antônio de Leverger, Mato Grosso state, Brazil (15°47´5´´of South Latitude and 56°04´ of West Longitude). The soil and root collections were performed in May 22, 2018 , in the pasture areas of the Dairy Cattle Sector. The sampled area was subdivided in homogenous plots according to the size and to the crop (Fig. 1) .
The sampled area comprised 11.61 hectares, divided into four plots. The areas were composed of the forages, Brachiaria syn. Urochloa humidicola cv. Common (Plot 1), Panicum maximum cv. Tanzania (Plot 2), Brachiaria syn. Urochloa brizantha cv. Marandu (Plot 3) and Panicum maximum cv. Massai (Plot 4). The soil of the areas is classified as Cambisol, according to the Profiles Description of the Experimental Farm of the UFMT.
Data Collection Procedure
The systematic sampling standard was utilized since it provides a more significant sample structure. In each plot, five composite samples of soil and roots were extracted, except for the Humidicola plot, in which, due to its larger extension, ten compound samples were collected, resulting in a total of 25 composite samples. For each composite sample, four simple samples of soil and root were extracted.
In each collection spot, the soil and root samples were collected in layers from 0-to 20-cm depth. For that purpose, an "X" random walking sampling was used, with the aid of a Dutch auger, hoe and straight shovel. The simple samples were mixed, homogenized and transformed into composite samples, and then stored in polyethylene bags. The samples were properly identified, labeled and transported to the Laboratory of Phytopathology of the UFMT, for the performing of the laboratory analyses.
Nematodes Extraction from Roots and Soil
For the extraction of the nematodes from the roots, the root samples were processed through the method of Coolen and D'Herde [11] , using sieves with 20, 60 and 500 mesh sizes, separating and later washing of the roots in running water. Afterward, the roots were placed on paper towels for drying. Weights of 10 g root aliquots were weighed and transferred to beakers filled with water. The roots from each sample were cut in smaller pieces (about 5 cm) and then grinded in 250 mL of water.
Afterward, the material was poured through an overlapped sieves set of 20, 60 and 500 mesh size, and then washed with running water. The nematodes retained in the sieve of 500-mesh size were collected and distributed in centrifuge tubes, with the addition of 2 g of kaolin. The tubes were centrifuged for 5 minutes at 1800 rpm. Subsequently, the supernatant was discarded and a sucrose solution (400 g of sugar and 750 mL of water) was added in the tubes, for centrifugation for 1 minute at 1800 rpm. The supernatant containing the sucrose solution and the nematodes was poured in a 500-mesh size sieve, under running water. The material retained in the sieve was collected with the aid of a wash bottle and transferred to flasks.
The flasks containing the aqueous suspension were taken to water bath, with gradual warming until 55ºC. Afterward, a 2% formaldehyde solution was added for the fixation of the samples and conservation of the nematodes. These samples were maintained at 25ºC until the evaluation moment.
For the soil extraction of the nematodes, soil samples were processed through the centrifugal flotation method with sucrose solution, as described by Jenkins [12] . For the processing of the samples, 100 cm³ of dry soil were placed in a container with 2 L of water, with the material being mixed and maintained in suspension through manual agitation from 15 to 20 seconds. Afterward, the suspension was poured into a set of successive sieves of 20, 60 and 500 mesh sizes with washing in running water. The material retained in the 500-mesh sieve was collected and transferred to centrifuge tubes. Subsequently, 2 g of kaolin were added to the suspension in each sample, for centrifugation during 5 minutes at 1800 rpm.
After the first centrifugation, the supernatant was discarded, and the sucrose solution was added to the precipitate. The tubes were centrifuged again at the same rotation, during 1 minute, at 1800 rpm. The supernatant was poured into the 500 mesh sieve and collected in a flask. Afterward, the nematodes in the aqueous suspension were treated as described in the methodology of root extraction of nematodes for fixation, conservation and storing of the specimens until the evaluation moment.
Quantification and Identification of Nematodes
The suspension containing the nematodes was evaluated with an optical microscope, by applying 1 mL on a Peter's nematode counting slide, through which the quantification of the nematodes was performed. The identification of the genera and species of the phytonematodes was performed through examination, in optical microscope (1.000-x magnification), of specimens of each morphospecies, mounted on glass slides containing a 2% formaldehyde solution. The morphological characteristics were observed, consulting the taxonomic keys of phytopathogenic nematodes according to Ferraz [13] . The free-living nematodes were also quantified.
RESULTS AND DISCUSSION
For the nematodes classification, all of the soil and root samples were performed, separating the phytoparasites and the free-living nematodes (Fig. 2) .
The nematodes classified as free-living were observed in all plots, with population densities ranging from 230 to 1180 specimens, highlighting their predominant numbers in the pasture areas in relation to the total of nematodes found (Fig. 2) .
According to Bongers [14] , the structure of the nematode community offered an efficient instrument for the monitoring of the quality and functioning of the soil, since the nematodes occur in every environment where the decomposition of organic matter occurs. Akhtar [15] studying the effect of the organic matter on the nematode community in alluvial soil in India, verified reduction in the number of plant parasitic nematodes and a significant increase in the number of free-living nematodes.
Among the phytoparasitic nematodes observed, there were the genera Pratylenchus and Paratrichodorus in the Humidicola plot, and the genera Heterodera and Criconemoides in the Tanzania plot. The Marandu and Massai plots did not contain any phytopathogenic nematodes.
With regard to the root lesion nematode, the genus Pratylenchus occurred at a smaller population level, with 40 specimens, in the area where the Brachiaria humidicola cv. Common is cultivated. However, it nowadays represents one of the primary concerns of researchers and producers, once it constitutes one of the most widespread nematodes in Brazil and affects a range of important crops, such as soybean, rice, sugarcane, sorghum, cotton and mostly maize [16] .
In the United States, reductions up to 30% were verified in the soybean infested with Pratylenchus, in field experimental conditions. In Brazil, there are reports of reduction from 30% to 50% in soybean production in areas infested with Pratylenchus brachyurus, in crops of the CentralWest region [17] . As migrating endoparasites, the root lesion nematodes destroy root tissues, causing superficial rupture and internal destruction, predisposing the roots to secondary infections by fungi and bacteria [18] .
The attacks and the manifestation of symptoms might occur in foci or in an individual manner. The parasitized plants exhibit reduction in growth but remain green; in the roots, a partial or total darkening is observed, primarily due to the attack to the cortical parenchyma cells, where the nematode injects toxins during the feeding process. Furthermore, its movement in the root is disorganized, what aids in cell destruction [19] .
Soil texture is one of the main factors that influence the distribution of species of Pratylenchus, with this nematode being more frequently present in sandy or average textured soils [19, 20] . Since the soil of the Experimental Farm of the UFMT, according to its physical properties, possesses 88% of sand, this might be one of the factors that favor the occurrence of Pratylenchus in the area. In the soybean crop, the intensity of the symptoms that the crop might exhibit due to P. brachyurus (root lesion nematode) may be more evident in soil areas with a more sandy texture, observing the presence of foci with smaller plants, although green [19] . Only by itself the root lesion nematode does not inflict severe damages to the soybean crop, however, when in adverse conditions to production, as in compact soils, sandy soils and hydric stress, the pathogen might cause an expressive damage to production, even when at low population density. [25] .
Studies concerning the control of root lesion nematodes are still incipient. The only consensus is the utilization of crops in rotation with species which are neither hosts nor susceptible to the pathogen, such as Crotalaria spectabilis, recording a nematode reproduction factor of Pratylenchus brachyurus of 0% [23, 26] . For some crops, there is also the recommendation for the utilization of specific products for the control of these pathogens, in this case, nematicides. However, their efficiency is still abstruse.
The genus Paratrichodorus spp was found with a population of 140 individuals in the Humidicola plot (Fig. 2) 
Plot
According to Coyne et al. [27] , soils with high sand contents favor the multiplication of Paratrichodorus, and estimates of losses in the field are scarce, especially because the species of this genus, generally, appear associated to phytonematodes of other genera in mixed populations, hardening such determinations. However, losses from 30 to 50% have been suggested.
In the plot formed by the forage Panicum maximum cv. Tanzania, phytonematodes from the genera Heterodera and Criconemoides (Fig.  2) were observed. The phytonematode Heterodera had about 60 specimens, and the Criconemoides, 90 specimens. Among the currently reported nematodes, the soybean cyst nematode (Heterodera glycines) represents one of the widest distributions and incidence in the national territory, in areas over 3.0 million hectares, being first detected in Brazil in the 1991/92 crop year [19] .
In the soybean crop, there may also be the incidence of the soybean cyst nematode, which belongs the genus Heterodera and causes economical losses to the crop. This nematode can penetrate in the plant roots, thus hardening the absorption of nutrients and water, impeding plant development, which might acquire a reduced size and chlorosis in the shoot part [19, 27, 28] . For the performing of the correct diagnostic, the root analysis of the plant is required, since that when the crop is installed in an area from average to high fertility and satisfactory rainfall distribution, the symptoms of the shoot part might not manifest [19] .
It is common that the symptoms in the root system and in the shoot part (when present) appear in foci, and in most cases, the soybean plants end up in senescence, suggesting severity in the attack to the plants. The dissemination method of the cyst nematode occurs primarily through the transportation of the infected soil. In this manner, ill-processed seeds, implements and machinery, winds and water, might disseminate the nematode into new areas. In this perspective, in properties where the croplivestock integration system is adopted, the precedence knowledge of the forage seeds is of utter importance, since these might contain the inoculum of the cyst nematode [19] .
Valle et al. [29] observed that after the cultivation of P. maximum and B. brizantha, there was a significant reduction in the number of cysts and juveniles of H. glycines in the soil. Generally, species of the Poaceae family behave as nonhosts of this nematode, and may reduce their population. Subsequently, the forage species B. brizantha and B decumbens may be recommended for crop rotation aiming the population decline of the nematode Heterodera [30] .
Representatives of the Criconematidae family, the nematodes of the genus Criconemoides, referred to as "ringed", are migrating ectoparasites and are widely distributed in soils covered by the Atlantic Rainforest [31] and by perennial crops [32] . According to Tomazini et al.
[33] and Arieira [34] , these phytonematodes have been identified in studies involving nematode populations more sensible to environmental disturbances, which might be used as functional groups for comparison between native and cultivated areas.
According to the characteristics of the soil and vegetation of the studied areas, some management practices can be adopted as control for these phytonematodes. According to [35] , among the most promising management methods, there are the rotation and succession with non-host crops, such as marigold (Tagetes spp.) and rattlepod (Crotalaria juncea, C. spectabilis), which drastically reduce the population of Pratylenchus. Other measures, such as fallowing, which depends on successive plowing interventions, uprooting and elimination of crop residues, are also important in the control of these nematodes [36] . In the Tanzania plot, for the phytonematodes of the genus Heterodera, the management practices for their control depend on the use of resistant cultivars and cultivars rotation [38] . However, the obtaining of these cultivars has been hardened due to the great genetic variability of the nematode. Among the main nonhost species of Heterodera cultivated in the spring-summer in Brazil are maize, rice, cotton, sorghum, sunflower and castor bean. The population of the soybean cyst nematode can be reduced by 70-90% with the use of crop rotation [39] .
For the Marandu and Massai plots, no phytoparasitic nematodes were found (Fig. 2) , with the need to adopt management practices that avoid the dissemination of the nematodes.
The use of green manure in the control of phytonematodes is also important, either for its bad-hosting characteristics as for the proliferation of unfavorable microorganisms to the nematodes, besides providing great benefits such as protection and conservation of soil [40] . However, it is worthy noting that the control methods for nematodes have a relative efficiency, since these organisms present a littlepermeable integument, conferring them great resistance to physical and chemical agents [41] . So far, there are no scientific evidences of nematicides with potential to reduce significantly the nematode population in the area up to the point of eliminating crop rotation. Some products applied in seed treatment caused a suppressing effect in at the beginning of crop development and, in many cases, they decreased production losses [42] .
Furthermore, the sanitary quality of forage seeds must be considered, as well as the choice of the agricultural and/or forage crops that shall be used in succession, rotation or intercropping in an specific area. There is the need to consider the susceptibility to the pathogens that may be common to the plants, thus reducing the inoculum of these pathogens in the soil [22] .
According to Mallmann [43] , when the association of pathogens with forage seeds occurs, there might be significant impacts on the plant stand and development, seed production, and forage persistence in the area, therefore affecting the production of products such as milk and meat. It may also be noted that the presence of the pathogen in the seeds constitutes an obstacle for the utilization of such seeds.
The identification of such causal agents is important for choosing the best agronomic practices to be later adopted. Considering that the current crops are perennial and host to the phytonematodes, there is a trend towards the increase in the population of these pathogens over time, what might become a serious phytosanitary issue.
CONCLUSION
In the conditions of the present work, the presence of the phytoparasitic nematodes of the genera Pratylenchus and Paratrichodorus is verified associated to Brachiaria humidicola cv. Common, and the genera Heterodera and Criconemoides associated to Panicum maximum cv. Tanzania.
There is no presence of phytoparasitic nematodes in the pasture areas formed by Brachiaria brizantha cv. Marandu and Panicum maximum cv. Massai.
Free-living nematodes are present in all evaluated plots, with population densities from 230 to 1180 specimens.
